Abstract. This paper presents a three-phase fourswitch converter aimed at compensating reactive power in case of distorted and unbalanced source voltages. An original closed-form solution of line currents, based on the mixed p-z approach is presented. The analytical and experimental results are provided to verify the effectiveness of the proposed control scheme.
Introduction
AC-DC conversion is used more and more in a wide field of applications. A great attention has therefore been focused recently on the research and development of pulse width modulated rectifiers (PWM rectifiers) [1] , [2] .
It is well known that a three-phase converter can develop various faults. The interruption of the manufacturing or other process due to a PWM rectifier fault would result in financial losses or even in some serious damage. That is why improved reliability, and fault tolerant operation of such systems are welcomed today. In general, when one of these faults occur, the isolation of the fault is preferable, keeping the system in partial operation, instead of shutting down the whole process.
The converter topology and operation modes of the component minimized three-phase PWM rectifier supplied from unbalanced source voltage are analysed in the paper as well as the novel strategy of the SVM suggested. Finally, an original closed-form solution of line currents, based on the mixed p-z approach [3] , [4] , [5] is introduced. The results of simulation and tests done on the component minimized three-phase PWM rectifier connected at the three-phase unsymmetrical mains are shown as well. 
Topology of converter and mode of operation
A circuit diagram of the four-switch rectifier is shown in Fig.1 . Three inductors are used to achieve line current filtering and to obtain dc link voltage boost operation. The scheme employs four switches S a1 , S a2 , S b1 , and S b2 and four diodes to generate output voltage. The phase "a" is directly connected to the midpoint of the split dc capacitor. . Let us define the per unite time
(1) where T is a period of the modulation (period of the symmetry) and is next called a sector, ε is per unit time inside of sector. The voltage vector V(n) can be expressed by means of the discrete Fourier transform in the symmetrical form as follows from [3] :
where N is the number of the vectors used per output period and n is a variable (number of the sector). For the voltage vectors with π/2 symmetry (N=4) we get: 2 2 (1 3) These negative sequences can be used for elimination of the unbalance input voltage. The situation is shown in Fig. 2 .On the left side we can see unsymmetrical sequence of the four-switch converter. The reference voltage V AV has a polar angle ρ to the real axes.
Space-vector PWM
To control the transient responses of the line currents , , precisely, the four-switch rectifier in Fig. 1 has to be operated as a Pulse Width Modulated (PWM) rectifier. By using a proper PWM strategy, the line currents will be able to follow their reference values with small errors. The higher the switching frequency will be applied, the lower the errors will appear. The line currents are determined by the voltage drops at the ac inductors ( , ) . If the line voltage vector is measured, the reference of the rectifier ac-terminal voltage vector may be calculated by using the inductor parameters , and the reference of the line current vector as follows:
We have proposed a new Space Vector Modulation (SVM) strategy for the three-phase four-switch rectifier in Fig.1 .
Closed-form solution
If the four-switch rectifier is operated as the PWM rectifier with the SVM strategy mentioned in the previous chapter, expression (3) 
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The solution in the time domain contains both the steady-state and the transient parts. As our attention is the steady-state solution we can get for n→∞ the closed-form solution.
Analytical and experimental results
To confirm the validity and effectiveness of the proposed analytical method, the closed form analytical and experimental results are presented.
To compare also the influence of the high frequency ripple in the phase currents, Fig. 3 shows the simulated phase current (in p.u.) with its ripple waveform. Fig.3 One period of the phase line current
The detail of one period of the measured line current i Sa and its harmonic spectrum is presented in Fig. 4 . 
Conclusion
A three-phase four-switch converter based on a new space-vector PWM strategy is analytically investigated. The scheme with a reduced number of power switches, improving the rectifier efficiency, can compensate the unbalanced source voltages. The analytical results and experiment tests on the component minimized threephase PWM rectifier connected at the three-phase unsymmetrical mains are shown as well to demonstrate the validity and effectiveness of the proposed control scheme. 
